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5 SOFTWARE CONTROLLABLE TERMINATION NETWORK 

FOR HIGH SPEED BACKPLANE BUS 

Inventor: 

10 

Hamid R. Baradaran 
Background of the Invention 

15 

Field Of the Invention 
This invention relates to the termination of 
electrical traces. The invention is more particularly 
related to the termination of traces on a card 

20 connected to a backplane. The invention is still 
further related to programmable resistive terminations 
that either terminate or do not affect traces on a 
card. The invention is yet further related to a line 
card having traces with programmable terminations 

25 controlled by a command message. 

Discussio n of the Backg round 

Modern electronic intensive systems come in many 
configurations. Typically, large electronic intensive 
50 systems include a chassis having a backplane and line 
cards. The backplane carries electrical lines to the 
line cards, and normally includes a bus shared between 
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the line cards. The line cards have connectors that 
physically attach the line card to the chassis and 
electrically connect the line card and its associated 
electronic devices to the backplane and bus. 

One modern electronic system having such a 
configuration is an access device utilized by a local 
telephone company to access voice traffic from a high 
capacity network. Fig. l illustrates an example of an 
access device (terminal unit) 150 installed at a 
central office 100 of a local telephone company. 

In Fig. l, a narrowband switch 110 resident in the 
Central Office 100 is connected via a fiber link to a 
narrowband network 120 carrying time-domain multiplexed 
(TDM) traffic. The narrowband network 12 0 includes 
addition links to long distance lines 130, for example. 
The voice switch 110 routes narrowband (voice and data, 
for example) traffic to and from a terminal unit 150 
via connecting cable 140. The terminal unit 150 
multiplexes signals between the voice switch 110 and 
customers l..m 160. 

Fig. 2 illustrates the terminal unit 150 in 
greater detail. A control shelf 200 sends and accepts 
signals (narrowband traffic in this example) to/from 
the connecting cable 140. The control shelf 200 
multiplexes the signals between the connecting cable 
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and plural bank controller units (BCUs) 220a . . 220 n . 
Each BCU is located on a respective shelf of channel 
bank shelves 210 1 _210 n . Each of shelves 210 1 ..210 n 
support one or more rows (row 230, for example) having 
slots S!..s p of row 230 for installing line cards. 

Each BCU multiplexes signals between its 
respective rows of line cards and the control shelf 
200, Thus high density traffic received by the control 
shelf 200 is multiplexed to plural BCUs, and the BCUs 
multiplex traffic to individual line cards installed in 
line card rows maintained in a respective shelf of the 
BCU* The individual line cards communicate traffic 
between the terminal unit 150 and customers l..m. 
Traffic from customers l..m to the narrowband network 
120 is handled in reverse order. 

As with electronic devices of similar physical 
configuration, each of shelves 220 a . . 220 n include a 
backplane. The backplane provides signal lines to 
communicate data and control information between the 
BCU and individual cards, or between any two or more 
cards in each row, depending on the electrical 
configuration of the system, and typically includes at 
least one bus. 

A backplane utilized by the terminal unit 150 is 
illustrated in Fig. 3. The BCU 220 is connected to a 
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bus 300 that includes x individual lines for addressing 
and data. The bus 300 is connected to plural line 
cards (lc^.lCp), and a bus termination 310. Referring 
to Fig. 4, the bus termination 310 provides a resistive 
termination to ground (R a . .R x ) for each of the 
individual lines l..x of the bus 300. 

The bus terminations are vitally important in the 
operation of a high speed bus. The terminations sink 
signals, transmitted on the bus to ground, minimizing 
reflection of signals that reach the end of the bus. 
The resistence selected for the terminations is also 
extremely important because it affects the amount of 
current needed to drive transmitted signals, and can 
either inhibit or accelerate rise times of the signal 
carried on the bus. 

The present inventor has realized that in certain 
situations it is not feasible to terminate backplane 
traces on the backplane and that the terminations may 
be accomplished on one of the line cards instead. This 
is the case, for example, where there is already a 
large installed base of systems having previously 
unused backplane traces which are unterminated, and 
with the advance of technology it is desirable to 
provide new line cards which utilize the previously 
unused traces. In the system of Figs. 1-4, for 
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example, the point-to-point subscriber bus was used 
exclusively for narrowband telephony traffic. Whereas 
these traces were terminated on the backplane a 
previously mentioned, the backplane also included a 
number of extra traces which were unused and 
un terminated. Technological advances have made it 
possible to carry much more information at much higher 
speeds (specifically ADSL "broadband" traffic) by taking 
advantage of the previously unused traces, through the 
creation of new bank control units (called ABCUs) and 
new line cards (called ADLUs) to be retrofitted into 
the installed base of systems. But in order to do so, 
the extra traces somehow need to be terminated. 
Otherwise the reflections and other noise that will 
appear on such traces will seriously impact the 
reliability of the new broadband traffic capacity. 

One possibility, of course, would be to retrofit 
the backplanes in each system with new termination 
resistors on the extra traces. Such a solution would 
be commercially undesirable because of the enormous 
expense of sending numerous skilled technicians out to 
thousands of installations to perform the retrofit. 

Another possibility would be to terminate the 
extra traces on the new line cards themselves. 
However, a single row 230 in a channel bank shelf 210, 
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can contain any number of line cards (up to 2 0 in this 
example) , and the number and physical placement along 
the backplane of the line cards will vary from system 
to system. If all line cards that are newly installed 
in a system are resistively grounding the backplane 
traces, then the loading on the trace would be 
unpredictable (because the number of new line cards is 
unpredictable) , and typically much too heavy. 

It might be possible to manufacture some line 
cards that do have resistive terminations and some that 
do not, but then certain economies of scale in 
production would be lost* In addition, because the 
terminations should be a close to the end of the 
backplane traces a possible (farthest from the ABCU) , 
the effectiveness of the terminations, and therefore 
the reliability of broadband communications within the 
system, would depend on the uncertain dependability of 
each system operator installing the correct type of 
line card in the correct slot on the backplane. 

Yet another possibility might be to include 
termination resistors on all of the new line cards, and 
provide a switch for a technician to activate or 
deactivate the terminations on a card-by-card basis. 
This solution avoids degradation of production 
economies, because all line cards re identical, but 
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again depends for its effectiveness on the reliability 
of each system operator to activate the termination 
resistors on the card farthest from the ABCU, and only 
on that card. 

5 it can be seen that the promise of high speed 

broadband telephony traffic enhancing a large installed 
base of conventional telephony systems, might be 
realizable only if the problem of resistive 
terminations of previously unterminated spare backplane 

10 traces can be solved properly. There is therefore a 
strong need for a technique for terminating such 
backplane traces which is commercially feasible, which 
does not risk heavy or unpredictable loading of the 
traces, which does not degrade production economies, 

15 and which does not depend for its reliability on system 
operators 1 manual tasks when installing new line cards 
into an existing system. 



SUMMARY OF THE INVENTION 
20 Accordingly, it is an object of this invention to 

provide a line card having programmable terminations. 

It is another object of the present invention to 
provide a method of operating a line card having 
programmable terminations . 
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It is another object of the present invention to 
provide a line card having programming that responds to 
commands to program terminations present on the line 
card, or to commands requesting current status of such 
5 terminations. 

It is yet another object of the present invention 
to provide programmable terminations in a line card for 
terminating Asynchronous Digital Subscriber Line (ADSL) 
traces on the line card utilized for communicating ADSL 

10 traffic. 

These and other objects are accomplished by a line 
card having at least one programmable resistor 
termination, and means for receiving commands for 
programming or returning status about the at least one 

15 resistor termination. The line card includes at least 
one trace, and at least one switch. Each resistor 
termination is connected at one end to a termination 
terminal (one of a ground, artificial ground, and a 
reference) , and a switch at a second end. Each switch 

20 is directed by said programming to one of connect and 
disconnect the resistor termination to a corresponding 
one of said traces. 

The means for receiving commands includes a 
connection device configured to connect said line card 

25 device to a backplane, and a command reading device 
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configured to read and accept commands sent to the line 
card device from a command unit across the backplane. 

The present invention also includes a method of 
operating a line card having programmable terminations • 
5 The method includes the steps of receiving at least one 
command from a command unit indicating a state of the 
resistor terminations, and executing the received 
commands by performing steps necessary to place the 
resistor terminations in the indicated state. The step 

10 of executing includes identifying resistor terminations 
corresponding to a command received, determining a 
programmed state for the corresponding resistor 
terminations according to the command received / and 
directing the corresponding resistor terminations to 

15 the programmed state. 

The present invention also includes a method for 
determining status of programable terminations on a 
line card. First, the line card receives a command 
requesting status of the programable terminations. 

20 Then, the line card either determines the current 
status of the programable terminations. Then, the line 
card either determines the current status or retrieves 
the current status from a preset location and responds 
to the command with a message indicating the status of 

25 the programable terminations. 
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The present inventor has realized that electronic 
devices have been constructed with backplanes having 
additional lines without a purpose (or present intent 
to carry either data or control signals) at the time of 

5 construction, these additional lines are often referred 
to as unused traces (see 350, Fig. 3, for example) and 
may or may not be connected to installed line cards. 
The present inventor has also realized that when 
additional functionality is added to an electronic 

10 device by utilizing unused traces, particularly in a 
case where fast rise times and clocking rates of data 
are to be transferred across the traces, that a line 
card having programmable resistive terminations may be 
utilized to implement line terminations on the 

15 previously unused traces. The invention replaces the 
need to send technicians into the field to upgrade the 
backplane (to include proper terminations) and thereby 
upgrade the entire system to utilize the added 
f unct ional i ty . 

20 The present inventor has also realized that the 

present invention may be applied to other electronic 
devices and for other purposes where programmable 
resistive functions would be useful. 

25 
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BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood 
5 by reference to the following detailed description when 
considered in connection with the accompanying 
drawings, wherein: 

Figure 1 is a block diagram of connections and 
equipment at a local telephone company Central Office 
10 (CO) ; 

Figure 2 is a block diagram of an access device 
(terminal unit) for providing customer access to a 
narrowband network; 

Figure 3 is a block diagram illustrating a 
15 backplane that may be utilized in a typical electronic 
device (terminal unit of Fig. 2, for example); 

Figure 4 is an expanded view of the backplane of 
Fig. 3, illustrating individual terminations of bus 
lines in the backplane; 
20 Figure 5A is a block diagram of related parts of 

a line card according to the present invention; 

Figure 5B is a block diagram illustrating one 
embodiment of a termination state register according to 
the present invention; 

25 
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Figure 5C is a block diagram illustrating a second 
embodiment of the termination state register according 
to the present invention; 

Figure 6 is a flow chart illustrating an example 
5 program flow for programming controlling programmable 
resistive terminations according to the present 
invention; 

Figure 7 is a block diagram of connections and 
equipment at a local telephone company central office 
10 configured according to the present invention and 
utilizing a terminal unit having line cards according 
to the present invention; 

Figure 8 is a block diagram of an access device 
(terminal unit) configured according to the present 
15 invention; 

Figure 9 is an illustration of a the backplane of 
Fig. 3 upgraded to utilize undetermined traces for 
carrying high speed data and control signals according 
to the present invention; 
20 Figure 10 is a flow chart illustrating the 

decisions made at a control unit for determining a 
state of programmable resistive terminations at plural 
line cards installed in the access device at Fig. 8; 

Figure 11 is a flow diagram illustrating the 
25 sequence of example provisioning messages communicated 
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between a control shelf and a terminal unit line card; 
and 

Figure 12 is a block diagram illustrating plural 
terminal units configured according to the present 
linked by a SONet ring, 

DESCRI PTION OF THE PREFERRED EMBODIMENTS 
Referring again to the drawings, wherein like 
reference numerals designate identical or corresponding 
parts throughout the several views, and more 
particularly to Figure 5A thereof, there is illustrated 
a programmable ADLU line card 500 having programmable 
resistive terminations according to the present 
invention (hardware for implementing the present 
invention is shown, other hardware is also present to 
perform various communication and other functions (not 
shown) ) . 

The ADLU line card 500 includes connections 510 
and 52 0 respectively connecting line card traces 515 
and 525 to a terminated backplane bus 9 00 and the 
unterminated backplane bus 950 (unterminated backplane 
bus 950 may either be completely unterminated or have 
high value resistors (lk, for example, not shown), 
effectively leaving the bus unterminated.). In this 
example, the terminated backplane bus 900 is a 
subscriber bus (hereinafter subscriber bus 900) , and 
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the unterminated backplane bus 950 is a High Speed Cell 
Bus (hereinafter HSCB 950) . 

The HSCB 950 is connected via traces 525 to a set 
of crossbar switches 530 and a Receiver 540* The 
crossbar switches 53 0 are present in an IC device and 
are configured to one of connect and disconnect each of 
traces 525 to individual termination resistors 550 (i. 
e., each trace having its own resistor either connected 
or disconnected by a respective crossbar switch) . The 
termination resistors are connected at one end to the 
crossbar switches and grounded at an opposite end. 
Although ten 50 Q resistors 550 are shown, the 
programable terminations may alternatively be 
constructed of any impedance device including 
capacitive, inductive or resistor networks, for 
example . 

Other configurations are possible within the scope 
of the present invention. For example, the HSCB 
unterminated bus 950 includes 10 lines, 8 data and 2 
clock lines, however, additional or individual lines 
may similarly be accommodated by additional switches 
and resistors. As another example, the crossbar 

switches may alternatively be placed between the 
resistors and ground, and a type of switch other than 
crossbar may be utilized. 
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When the crossbar switches are activated (closed, 
making a connection) , the terminating resistors 550 are 
connected to the HSCB lines and ground, providing a 
5 termination resistance for the HSCB 950* When the 
crossbar switches are open, the HSCB 950 is not 
provided termination by the programmable line card. 
Although the illustrated configuration either 
terminates or leaves open the entire HSCB bus, in 

10 another embodiment the crossbar switches may be 
individually activated, terminating specific lines 
while leaving other lines without termination. 

The receiver 540 receives various commands present 
on the HSCB 950 via traces 525. The commands received 

15 include various board configuration messages, such as 
a termination activation message, and other commands 
related to processing performed on the ADLU line card 
500. The commands received are transferred to an ADLU 
ASIC 560 and an ADLU processor 570. The ADLU processor 

20 570 interprets the various commands and performs steps 
necessary to implement each command. The ADLU 
processor may perform each step or invoke a sequence of 
steps programmed into the ADLU ASIC 560 or other 
storage medium. 

25 Steps performed by the ADLU processor 570 may be 

stored in either the ADLU ASIC 560 or other storage 
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medium maintained on the ADLU line card 500. A non- 
volatile memory such as EE PROM or flash memory device 
would suffice. In the case of an electronically 
updated memory device, the steps (programming) of ADLU 
processor 570 may be downloaded to the storage medium 
or ASIC 560 across the subscriber bus 900 or the HSCB 
950. 

Example steps performed by ADLU processor 570 in 
interpreting and carrying out a termination command 
received off the HSCB 95 0 are illustrated in the flow 
chart of Fig. 6. At step 600, a command is retrieved 
from the HSCB 950 (passed to the ADLU processor by ADLU 
ASIC 560, after verifying ADLU addressing, etc.) and is 
interpreted. If the command is a terminate resistors 
command, the ADLU processor writes a series of ones 
(#FFFF, for example) (step 620) to termination state 
register 580 (see Fig. 5B) . If the command is no- 
termination, the ADLU processor writes a series of 
zeros (#0000, for example) (step 630) to the 
termination state register 580. Other variations of 
the program described in Fig. 6 are possible. 

A command may also be received for retrieve the 
terminator status of the programmable resistor 
terminations. In one embodiment, the termination 
status register is read, the contents are evaluated, 
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and the status of the programable resistor terminations 
is returned (step 640) . In another embodiment, the 
status of the resistor terminations may be retrieved 
from a storage location previously set in accordance 
with the state of the resistor terminations . 

The termination state register 580 is maintained 
in the ADLU ASIC 560 or other electronics, and is 
connected to an activation input of the crossbar 
switches 530. In one embodiment, a single register 
value is applied to each activation input, thus placing 
each of crossbar switches in a same position (open or 
closed) (see termination state register 590, Fig. 5C) . 
In the alternative embodiment (termination state 
register 580, Fig. 5B) , each activation input is tied 
to an individual register bit, providing for individual 
programmability of the switches. In yet another 
embodiment, the termination register is not utilized, 
and instead of writing to the termination register, the 
crossbar switches are directly activated by the steps 
performed. 

The ADLU Processor 570 and ASIC 560 are configured 
to perform any number of other functions with regard to 
the transfer of data from either of the attached HSCB 
and SBI busses. In addition, the ADLU line card 500 is 
configured to carry ADSL traffic. 
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Fig. 7 illustrates the connections at a central 
office (CO) 700 having an ADSL/TDM access device 
(terminal unit) 750 utilizing ADLU line cards 500 
5 configured according to the present invention. A 
narrowband switch 110 routes signals from the 
narrowband network 12 0 to the terminal unit 750 via a 
connecting cable 140, similar to the terminal unit 150 
of Fig. 1. The central office 700 includes an ATM 

10 switch 710 that routes ATM signals from an ATM network 
720 to the terminal unit 750 over a fiber link (ATM 
switch- ABCU fiber link 740) . With the configuration of 
Fig. 7, customers l..m 760 may have available service 
from either or both the narrowband or ATM networks. 

15 Fig. 8 illustrates an ADSL/narrowband access 

device (terminal unit) 750 configured to utilize one or 
more ADLU line cards 500 of the present invention. The 
terminal unit 750 includes a control shelf 200 
connected to a connecting cable 140, and a channel bank 

20 (CB) shelf 810 similar to corresponding components in 
terminal unit 150. The CB shelf 810 differs from shelf 
210 because the BCU 220 is replaced with an ADSL Bank 
Controller Unit (ABCU) 820. In addition to 

multiplexing narrowband signals between the control 

25 shelf 200 and line cards installed in the channel bank, 
the ABCU also multiplexes ATM signals received from the 



Attorney Docket No.: DSCC0903WSW/JWC 
jwc/dscc/0903.001 



Client Case No. 903 .00 



- 19- 



ATM switch 720 over the fiber link 740 to either the 
same or other cards installed in the CB shelf 810, 

The channel bank shelf 810 includes three rows of 
5 line card slots as x ..as p 840 each capable of receiving 
either a standard line card (any one of lc^.lCp, for 
example) or an ADLU line card 500, for example. Any 
number of combinations of standard or upgraded line 
cards may be utilized to fill the slots, and slots may 

10 remain unfilled. 

The backplane of the CB shelf 810 is illustrated 
in Fig. 9, and is the same backplane shown in Fig. 3, 
with the terminated bus 3 00 configured as a subscriber 
bus 9 00, and the unterminated bus 350 configured as a 

15 High Speed Cell Bus (HSCB) 950 terminated by one of the 
programmable line cards plc 1 ..plc q . 

Each of the subscriber bus 900 and HSCB 950 are 
connected to the ABCU 820. The ABCU 820 multiplexes 
narrowband signals to/ from corresponding line cards 

20 installed in the CB shelf 810 and the control shelf 200 
over the subscriber bus 900 . The ABCU 820 also 
multiplexes ATM signals to/from corresponding line 
cards, including at least one programmable line card 
(ADLU line card 500, for example), configured according 

25 to the present invention, and the ATM switch 710 over 
the HSCB 950. 
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Al though discussed herein as a single unit, the 
ABCU 820 is a redundant unit composed of a primary ABCU 
unit and a backup unit. The HSCB 950 has 10 lines, 5 
lines connecting all line card slot as a ..as p to the 
primary ABCU and 5 lines connecting all line card slot 
asx-.aSp to the backup unit. 

Table 1 illustrates the pin configuration of HSCB 
connections made between the ADLU line card 500 and the 
HSCB 950 (see connection 520, Fig.SA). Five primary 
pins, and five backup pins are allocated for the HSCB 
950, representing primary and secondary (backup) bus 
lines. As shown by the pin configuration in Table 1, 
the primary and secondary bus lines are interleaved, 
reducing crosstalk and other interferences between 
active lines. The backup bus lines are normally off 
(not utilized) . 

A clock utilized by the bus which occupies one 
primary and one secondary bus line. In this example, 
the clock is 16.3 84 MHZ and both edges of the clock 
signal are utilized, effectively doubling the HSCB 
clocking rate, resulting in a data rate of 16.3 84 x 2 
x4 (clock x edges x lines) . In other embodiments, 
different clock rates and pin configurations may be 
applied. The connections for the ADLU card 500 are 
made utilizing a DIN96 part, for example, on the line 
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card and a matching connector on the channel bank shelf 
where the card is installed. 



Table 1 



HSCB 


Pin # 


Description 


D[0] 


C-30 


Primary Data 


D[l] 


C-28 


Primary Data 


D[2] 


C-26 


Primary Data 


D[3] 


C-24 


Primary Data 


CK 


C-15 


Clock 16.384 MHZ 


BD[0] 


C-31 


Backup Data 


BD[1] 


C-29 


Backup Data 


BD[2] 


C-27 


Backup Data 


BD[3] 


C-25 


Backup Data 


BCK 


C-16 


Clock 16.384 MHZ 



The ABCU 820 may communicate with ADLU line cards 
installed in the channel bank shelf 810 via a CPU Cell 
Data Link (CCDL) control message format. The CCDL 
provides a control message link between the ABCU and 
ADLU line cards, including provisioning information and 
a message to inform an ADLU line card to set itself up 
as a high speed bus termination card. The CCDL may 
also be used by the ADLU line cards to transmit alarm 
conditions to the ABCU. 
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Also in Fig. 9, the various line cards lc!..lc 0 are 
shown electrically connected to the subscriber bus 900 , 



5 and programmable line cards plCx.-plCg are shown 
connected to both the subscriber bus 300 and the HSCB 
950. However, other embodiments include any 

combination of unterminated and terminated bus 
connections made by the standard line cards and 
10 programmable line cards, the only requirement being 
that the physically last line card utilizing the HSCB 
950 must have activated resistive terminations 
terminating the bus, all other cards electrically 
connected to the HSCB 950 having no termination 
15 resistors or inactive (unconnected) programmable 
resistor terminations. 

Additionally, the present invention does not 
preclude any of resistive, capacitive, or inductive 
components connected to any particular trace of the 
20 HSCB 950, so long as it does not interfere with the 
effectiveness of the activated termination resistor 
corresponding to that trace. 

The HSCB itself needs to be terminated to prevent 
reflections from occurring on the HSCB. If data 
25 transfers across the HSCB had slow rise times, 
termination might not be required. However, the HSCB 
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is used to transport downstream traffic from ABCUs to 
ADLUs on the backplane. The bus is designed using 
modified GTL logic technology which operates at 16,383 

MHZ data and clock (both edges of clock are used) 
therefore providing a bandwidth equal to 131.072 MHZ 
for each row of cards . 

The HSCB consists of five point to multi -point 
signal lines (four data signals and one clock signal) 
driven by each ABCU card. These uni- directional 
signals are received by ADLU units (1 to 20, for 
example) and are terminated at the power supply end of 
the backplane. The termination has been designed to be 
a resistive load to the electronic ground. The 
decreased impedance from termination prevents/minimizes 
reflections . 

As discussed above, in this embodiment, the 
programmable line card (ADLU line card 500, for 
example) receives a command message that initiates 
programming on the line card to activate and deactivate 
the termination resistors. The command message is sent 
from any processor or control device having access to 
either the HSCB 950 or the subscriber bus 900, and may 
be formatted as a CCDL or a provisioning message. In 
other embodiments, the command message may take the 
form of a signal received on the programable line card 
from any control device able to access the line card. 
The control device issuing the command message may also 



Attorney Docket No.: DSCC0903WSW/JWC 
jwc/dscc/0903.001 



Client Case No. 903.00 



-24- 

utilize communications over the subscriber bus 900 to 
determine status of any of the cards present in the CB 
shelf 810 (make interrogatories, receive alarm 

5 conditions, accept broadcast information describing 
capabilities of installed cards, etc.)* 

In one embodiment, the downstream SBI bus is 
used to send activate commands that control the state 
of the resistive terminations and the upstream SBI bus 
10 is used to detect the state of the resistive 
terminations. The control commands are originated by 
hardware/ software at the common control shelf. 
Alternatively, the upstream SBI bus and the downstream 
SBI bus may be utilized in conjunction with control 
15 commands originating at the ABCU level to create a 
faster way to detect and activate the resistive 
terminations . 

An example program flow of a control device that 
issues command messages to the programmable line cards 
20 of the present invention is illustrated in Fig. 10. At 
step 1000, the control device sends an interrogatory to 
the rightmost line card slot in a selected channel bank 
shelf line card row (830, for example) . The 
communication includes a determination of whether a 
25 line card is present in the rightmost slot (closest to 
a power supply end of the line card row, for example) , 
and whether the line card present has programmable 
resistive terminations (loopback test, for example) . 
If the line card is not programmable, not present, or 
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not functioning, the next rightmost slot is sent a 
similar interrogatory (step 1010) . 

In one embodiment, the above interrogatory is sent 
to the line card over the subscriber bus. Since the 
subscriber bus is point-to-point, the ABCU knows which 
edgecard pins connect to the rightmost, next rightmost, 
etc, line card slot. Alternatively, the interrogatory 
may be performed via the HSCB 950 in conjunction with 
an identifying command sent over the subscriber bus. 

The above process is repeated until the rightmost 
functioning line card having programmable resistive 
terminations is found. At step 1020, the command 
message is sent to configure the programmable line card 
to terminate the HSCB 950. Once the rightmost line 
card is terminated, the line card previously set as the 
termination line card is sent a command to place its 
programmable resistive terminations in the unterminated 
state (step 1030) . This process insures that the 
rightmost line card in each row is terminated. 
Alternatively, a command message configuring one card 
to terminate the HSCB 950 may simultaneously signal 
other card(s) to disable any current termination 
configurations . 

After the rightmost programmable line card is set 
up to terminate the HSCB 950, a delay may be 
implemented (step 1040) to allow settle time and/or 
allow other processes to execute. The above process 
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may be repeated at an appropriate interval to assure 
that the HSCB bus remains terminated by one of the 
programmable line cards. 

In another embodiment, step 103 0 is performed 
prior to step 1000, placing all line cards in an 
unterminated state prior to activating the termination 
resistors on the rightmost programmable line card. 
Other variations of the activation program are clearly 
possible by varying or altering steps in accordance 
with the main function of the program which is to 
terminate the HSCB 950 using a primary (rightmost, 
physically last) programmable line card. 

Re -interrogation of the line cards occurs at 
appropriate intervals or upon receipt of an alarm 
condition indicating an error condition on an installed 
ADLU line card. For example, if the terminating ADLU 
line card is removed from the channel bank, the next 
round of interrogatories would recognize a fail 
condition on the terminating ADLU and search to find a 
secondary ADLU line card and send a terminate command 
to the secondary ADLU so that the HSCB 950 is properly 
terminated. Alternatively, the control device program 
may store the address of a secondary ADLU line card and 
activate the terminating resistors immediately upon 
receipt of an alarm condition. Other variations are 
possible, so long as the program (software) is able to 
recognize loss of the terminating ADLU and activate the 
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secondary to maintain a fully terminated HSCB to 
prevent cell losses. 

In other embodiments, the ADLU line cards are 
required to be placed in at least a predetermined 
5 number of the card slots of the channel bank shelf 
line card row (two rightmost slots, for example) , 
therefore limiting the number of line card slots that 
need to be interrogated for ADLU presence, status, etc. 

The commands sent to the programmable line card 
10 may be of any form or structure to communicate the 
intended termination instruction. Table 2 provides a 
sample listing of command and reply messages issued 
from/to the control shelf 200. 

15 Table 2 



Name 


Description 


tAds 1 Pr ovMs g 


Provisioning an ADSL facility- 


eAdslAlmType 


Transient Alarm message 
(autonomous from line card) 


tRtrvPmRequestMsg 


Performance Monitoring (PM) 
Request 


tlnitPmMsg 


Initialize PM data registers 


tLcToTaskMsgMsg 


Reply message 



An example flow of the messages through a system 
25 such as ADSL/Narrowband access device (terminal unit) 
75 0 is shown in Fig. 11. An UpdateldnData message is 
issued by a main control function (TL1) and received by 
a Peripheral Equipment Task (PET) . The PET replies to 
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TL1 and issues an AdslProvMsg to an AP. The PET is 
responsible for configuring equipment devices (line 
cards, for example) installed in the terminal unit 750. 

The ADSLProvMsg is a provisioning message 
5 identifying a specific equipment configuration. The AP 
is an Administration Processor resident on an equipment 
device installed in the terminal unit (a line card in 
this example) . The AP handles message communications 
with the control shelf (ADSLProvMsg, for example) and 
10 manages the backplane interface gate array. The AP may 
be implemented in ADLU processor 570, for example. 

The structure of an ADSLProvMsg is shown in Table 

3 . 
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typedef struct tAdslParams 

{ 

word Ads 1 Conf i g ; / * 

word MinimumSpeed; /* 

word MaximumSpeed; /* 

} tAdslParams ; 



see bit definitions above */ 
Minimum ADSL speed (kbps) */ 
Maximum ADSL speed (kbps) */ 



typedef struct tAdslProvMsg 

eMsgld Msgld; /* _AdslProvMsg_ */ 

ulng CurrentTime /* In seconds since 1/1/89 */ 

tAdslParams UpstreamParams; /* Upstream ADSL params */ 
tAdslParams DownstreamParams ; /* Downstream ADSL params */ 
word UpAdslParams; /* Upstream ADSL params */ 

word DownstreamParams; /* Downstream ADSL params */ 

word LpbkConfig; /* Loopback provisioning bits */ 

word LpbkTimeout;/* Loopback timeout period 

(seconds) */ 

byte RoutingTagldl ; /* Routing Tag ID 1 */ 

byte RoutingTagId2 ; /* Routing Tag ID 2 */ 

word TranslationVpi; /* Translation GFC/VPI */ 

word TranslationVci; /* Translation VCI */ 

word AdslFlags; /* Miscellaneous bit flags */ 

} tAdslProvMsg ; 



The ADSLProvMsg message contains information 
regarding ADLU setup and includes a configuration for 
termination resistors if applicable to the line card 
which the message is sent to. For example, the 
AdslFlags or other storage location contains data 
reflecting whether all or specific of the termination 
resistors should be activated (for example, AdslFlags 
/ *Miscellaneous bit flags */, or other storage 
location) . Alternatively, an additional storage 
location may be added to the AdslProvMsg or other 
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structures maintained therein to hold the termination 
resistor conf iguration* 

The AP sends a number of messages to a Line 
Processor (LP) (ADLU ASIC 560, for example), that 
controls both the ADSL communications line and the ADLU 
line card 500. Table 4 lists example command messages 
sent from the AP to the LP. 



TABLE 4 



Command Message 


Renlv Messaee As Autonomous Messaee 


PingCmdlpMsg 


PingReplylpMsg 


No 


JxcScIl^IUQipiVJLog 


ResteReplylpMsg 


No 


SetClockCmdlpMsg 


SetClockReplylpMsg 


No 


ReadClockCmdlpMsg 


ReadClockReplylpMsg 


No 


ReadldAtuCCmdlpMsg 


ReadldAtuCReplylpMsg 


Yes 


ReadldAtuRCmdlpMsg 


ReadldAtuRReplylpMsg 


No 


SetConfigDslCmdlpMsg 


SetConfigDslReplylpMsg 


No 


ReadConfigDslCmdlpMsg 


ReadConfigDslReplylpMsg 


No 


SetConfigSpeedCmdlpMsg 


SetConfigSpeedReplylpMsg 


No 


ReadConfigSpeedCmdlpMsg 


ReadConfigSpeedReplylpMsg 


No 


Readl5MinPmCmdIpMsg 


Readl5MinPmReplyIpMsg 


No 


ReadDailyPmCmdlpMsg 


ReadDailyPmCmdlpMsg 


No 


ClearPmCmdlpMsg 


ClearPmReplylpMsg 


No 


ReadStatusCmdlpMsg 


ReadStatusReplylpMsg 


Yes 


SelfTestCmdlpMsg 


SelfTestReplylpMsg 


No 


LoopbackCmdlpMsg 


LoopbackReplylpMsg 


No 


LoadStartCmdlpMsg 


LoadStartReplyXpMsg 


No 


LoadDataCmdlpMsg 


LoadDataReplylpMsg 


Yes 


LoadEndCmdlpMsg 


LoadEndReplylpMsg 


No 


LoadEndCmdlpMsg 


LoadAbortReplylpMsg 


No 


LoadSwitchCmdlpMsg 


LoadSwitchCmdlpMsg 


No 
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Continuing with the example flow of Fig* 11, the 
AP acknowledges receipt of the ADSLProvMsg , and issues 
a Set_Conf ig_DSL message to an LP. The LP is a Line 
Processor (ADLU ASIC 560, for example) that controls 
5 both the ADSL communications line and the configuration 
of the ADLU line card 500. The Set_Conf ig_DSL message 
received at the LP invokes the programming required to 
set the ADLU line card configuration (terminations 
active or inactive) as identified in the configuration 
10 message. 

Each of the programmable line cards also include 
status indicators identifying a current state of the 
card. Table 5 illustrates an example format of 
indicating lights ( LEDS , for example) and the state 
15 represented. Additional states and indicators may be 
provided. 
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Function 


LED 


Description 


ADSL 


Green 

Flashing Green 


ADSL link is active and normal 
( sync-up) . Cell delineation 
successful . 

Flashes green momentarily when 
intermittent cell delineation 
errors are detected on either 
end of loop. 




Off 


ADSL link is not present. No 
cell delineation. 


Fail 


Red 
Off 




BUSY 


Green 


Upstream or downstream ATM data 
cell traffic is passing through 
the ADLU 


TERMINATION 
STATUS 


Green Off 
Green On 


Non- terminating board 
Terminating board 



The termination status led is controlled by 
circuitry maintained on the ADLU line card 500 (ADLU 
ASIC 560, for example) . In one embodiment, the LEDS 
have circuitry connected to the termination status 
register 59 0 (for example) that controls whether the 
led is lit or flashing. Alternatively, the LEDs may be 
controlled by a command received from either the 
subscriber bus or HSCB 950, based on status retrieved 
from the ADLU line card 500 as discussed above with 
reference to Fig. 6 (as one example implementation) . 

The access device (terminal unit) 750 of the 
present invention need not be present at a central 
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office. In Fig. 12, remote terminal units (R-TU, 1110, 
112 0, and 113 0, for example) are located outside the 
central office and connected to each other and terminal 
unit 750 via a SONet ring 1100. Such a configuration 
5 allows a terminal unit to be placed in close proximity 
to end user customers without additional constraints 
imposed by the physical location of the central office 
itself . 

The present invention as discussed herein has been 

10 described in reference to a telecommunications access 
device. However, the present invention may be applied 
to numerous electronic devices of varying 
configurations. Therefore, the present invention is 
not limited to line cards in a terminal unit or to 

15 telecommunication related equipment, but may be 
directly applied (with or without line cards) in any 
electronic device including, but not limited to, image 
processing, radar devices, and electronic storage 
devices, for example. 

20 The present invention may be conveniently 

implemented using a conventional general purpose or a 
specialized digital computer or microprocessor 
programmed according to the teachings of the present 
disclosure, as will be apparent to those skilled in the 

25 computer art. 

Appropriate software coding can readily be 
prepared by skilled programmers based on the teachings 
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of the present disclosure, as will be apparent to those 
skilled in the software art* The invention may also be 
implemented by the preparation of application specific 
integrated circuits or by interconnecting an 
5 appropriate network of conventional component circuits, 
as will be readily apparent to those skilled in the 
art. 

The present invention includes a computer program 
product which is a storage medium (media) having 

10 instructions stored thereon/in which can be used to 
program a computer to perform any of the processes of 
the present invention. The storage medium can include, 
but is not limited to, any type of disk including 
floppy disks, optical discs, DVD, CD-ROMs, microdrives, 

15 and magneto- optical disks, ROMs, RAMs , EPROMs, EEPROMs, 
magnetic or optical cards, nanosystems, or any type of 
media or device suitable for storing instructions 
and/or data. 

Stored on any one of the computer readable medium 
20 (media) , the present invention includes software for 
controlling both the hardware of the general 
purpose/specialized computer or microprocessor, and for 
enabling the computer or microprocessor to interact 
with a human user or other mechanism utilizing the 
25 results of the present invention. Such software may 
include, but is not limited to, device drivers, 
operating systems, and user applications. Ultimately, 
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such computer readable media further includes software 
for performing the steps necessary to carry out state 
changes of programmable resistive terminations, the 
sending of commands directing those state changes, and 
retrieving status with regard to the state of 
programable resistive terminations (or other functions 
of the ADLU line card 500) as described above* 

Included in the programming (software) of the 
general/specialized computer or microprocessor are 
software modules for implementing the teachings of the 
present invention, including, but not limited to, 
identifying commands, terminating and opening traces, 
sending identifiers, determining cards for termination, 
directing line card operations, and the display, 
storage, or communication of results according to the 
processes of the present invention. 

Obviously, numerous modifications and variations 
of the present invention are possible in light of the 
above teachings. It is therefore to be understood that 
within the scope of the appended claims, the invention 
may be practiced otherwise than as specifically 
described herein. 
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CLAIMS 



What is claimed is: 

1. A communications access device providing 

subscriber access to a high speed communication line, 
comprising: 

a backplane connected to said high speed 
communications line; 

plural line cards connecting said backplane to at 
least one subscriber line; 

wherein at least one of said plural line cards 
comprises , 

at least one programmable resistor termination, 

and 

means for receiving commands for programming said 
at least one resistor termination* 

2 , The communications access device according to 
Claim 1, further comprising: 

a control unit configured to transmit said 
commands across said backplane to at least one of said 
line cards, 

3, The communications access device according to 
Claim 2, wherein said control unit is further 
configured to send messages to the line cards having 
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programmable resistor terminations, said messages 
containing programing steps to at least one of activate 
and deactivate the programmable resistor terminations 
that are stored in a memory on said line cards and 
executed upon receipt of a command to initiate any one 
of said programming steps. 

4 ♦ The communications access device according to 
Claim 3, wherein said messages are formatted as an ADSL 
provisioning message. 

5 . The communications access device according to 
Claim 3, wherein said messages are transmitted between 
the control unit and the line cards in CPU Cell Data 
Line (CCDL) format, 

6 . The communications access device according to 
Claim 2, wherein: 

said control unit transmits said commands across 
a point-to-point communication to a specific line card; 
and 

each programmable resistor termination is 
configured to one of terminate and not terminate traces 
connected to a point- to-multipoint bus. 

7. A method of operating an electronic device, 
comprising the steps of: 
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identifying a last programmable line card 
installed on a bus of said electronic device; and 

configuring the last programmable line card to 
terminate said bus by activating programmable 
5 terminations of said last programmable line card 
connected to said bus. 

8. The method according to claim 7, wherein said 
step of identifying comprises the steps of: 

sending an interrogatory message from a control 
device to a last line card slot connected to said bus 
to determine a status of the last line card slot; 

determining, based on one of a return message from 
a line card installed in the last line card slot and 
lack of a return message, whether said last line card 
slot contains a line card having programmable line card 
terminations ; and 

repeating said steps of sending and determining on 
a next line card slot until a line card closest to said 
last line card slot and having programmable line card 
terminations is identified. 

9. The method according to claim 8, wherein said 
step of sending comprises sending said interrogatory 

25 message across a point-to-point bus connecting said 
control device to the line card slot being 
interrogated . 
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10, The method according to claim 7, wherein said 
step of configuring comprises the steps of: 

sending a message containing configuration 
information from said control device to said last 
5 programmable line card; and 

setting the programmable terminations on said last 
programmable line card according to said configuration 
information. 

10 11. The method according to claim 10, wherein 

said step of sending comprises sending said message 
across a point-to-point bus from said control device to 
said last programmable line card. 

15 12. A line card device, comprising: 

at least one programmable impedance termination; 

and 

a receiving device configured to receive commands 
for programming each impedance termination. 

20 

13. The line card device according to Claim 6 
wherein: each programmable resistor termination 
comprises, 

an impedance connected serially with a 
25 programmable switch between a trace on said line card 
and one of an electrical ground, an artificial ground, 
and a reference voltage. 
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14. The line card device according to Claim 12, 
wherein: 

said receiving device comprises, 
5 a connection device configured to connect said 

line card device to a backplane, and 

a command reading device configured to read 
commands sent to said line card device across said 
backplane. 

10 

15. The line card device according to Claim 14, 
wherein said command reading device is further 
configured to interpret a provisioning message 
containing configuration information for each 

15 programmable impedance termination on said line card. 

16. The line card device according to Claim 15, 
wherein said configuration information is contained in 
bits of said provisionary message maintained by a pre- 

20 existing storage location. 

17. The line card device according to Claim 6, 
wherein said commands each initiate a predetermined 
sequence of events to carry out said programming. 

25 

18. The line card device according to Claim 11 
further comprising: 
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a sequence receiving device configured to receive 
and store the predetermined sequence of events 
corresponding to each programming command. 

19. The line card device according to Claim 11, 
wherein said predetermined sequence of events includes 

the steps of: 

identifying the impedance terminations 
corresponding to a command received; 

determining a programmed state for the 
corresponding impedance terminations according to the 
command received; and 

directing the corresponding resistor terminations 
to the programmed state. 

20. The line card device according to Claim 6, 
further comprising: 

a non-volatile memory device configured to store 
instructions corresponding to each of said commands. 

21. The line card device according to Claim 14, 
further comprising: 

an instruction receiving device configured to 
receive said instructions across a backplane from said 
control unit, and store said instructions in the memory 
device . 
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22. The line card device according to Claim 12, 
wherein: 

each programmable impedance termination comprises 
a switch configured to one of establish and break a 
5 series connection between each of a trace on said line 
card, an impedance device, and ground. 

23. The line card device according to Claim 12, 
wherein: 

10 each programmable impedance termination comprises 

a switch and an impedance device connected in series 
between a trace and a termination node. 

24. The line card device according to Claim 22, 
15 wherein said switch is a crossbar switch. 

25. The line card device according to Claim 22, 
wherein said impedance device is a resistor. 

20 26. The line card device according to Claim 22, 

wherein each switch is maintained on an IC. 

27. The line card device according to Claim 6, 
further comprising a state register configured to 
25 maintain a state of each programmable impedance 
termination. 
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28. The line card device according to Claim 6, 
further comprising: 

a state register configured to maintain a state of 
each programmable impedance termination; 
5 wherein said programming is carried out by writing 

the state of the impedance terminations corresponding 
to said commands in said state register, 

29. The line card device according to Claim 6, 
10 wherein said receiving device is configured to receive 

commands structured as an ADSL provisioning message 
containing configuration information for each 
programmable impedance termination on said line card. 

15 30. The line card device according to Claim 22, 

wherein said provisioning message is received in CPU 
Cell Data Link (CCDL) format. 

31. The line card device according to claim 12, 
20 wherein: 

said receiving device receives said commands over 
traces configured to be connected to a point to point 
bus . 

25 32. The line card device according to claim 15, 

wherein: 
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said command reading device if further configured 
to be connected to a point-to-point bus and to receive 
said provisionary message in a point-to-point message 
format across said connection device. 

5 

33. The line card device according to claim 32, 
wherein said programmable impedance terminations, when 
activated by said programming, terminate traces 
configured to be connected to multipoint bus. 

10 

34. A method of operating a line card having at 
least one programmable impedance termination for traces 
on said line card, comprising the steps of: 

receiving at least one command from a command unit 
15 indicating a state of the impedance terminations; and 

executing the received commands by performing 
steps necessary to place the impedance terminations in 
the indicated state. 

20 35. The method according to Claim 34, wherein 

said step of executing comprises the steps of: 

identifying impedance terminations corresponding 
to a command received; 

determining a programmed state for the 
25 corresponding impedance terminations according to the 
command received; and 
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directing the corresponding impedance terminations 
to the programmed state, 

36. The method according to Claim 34, further 
5 comprising the steps of: 

receiving instructions for placing said impedance 
terminations in at least one state; and 

storing said instructions on said line card; 

wherein said step of executing includes the step 
10 of retrieving at least one of the stored 
instructions for performing said steps. 

37. The method according to Claim 34 , wherein 
said step of receiving comprises receiving an ADSL 

15 provisioning message containing configuration 
information of said state for each programmable 
impedance termination on said line card. 

38. The method according to Claim 37, wherein 
20 said step of executing includes the step of initiating 

a program stored on said line card for placing the 
impedance terminations in the indicated state. 

39. The method according to Claim 34, wherein 
25 said step of executing includes the step of initiating 

a program stored on said line card for placing the 
impedance terminations in the indicated state. 
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40. The method according to Claim 34, wherein 
said step of executing includes the steps of : 

making a series connection between each of a 
resistive device of at least one of the programmable 
5 impedance terminations, corresponding of said traces, 
and ground; 

maintaining a series connection between each of an 
impedance device of at least one of the programmable 
impedance terminations, corresponding of said traces, 
10 and ground; and 

breaking a series connection between each of an 
impedance resistive device of at least one of the 
programmable impedance terminations, corresponding of 
said traces, and ground. 

15 

41. The method according to Claim 34, wherein 
said step of executing comprises the step of: 

writing a value representing the indicated state 
of the impedance terminations to a state register. 

20 

42. The method according to Claim 41, wherein 
said step of executing further comprises the step of: 

utilizing said state register to determine a 
position of a switch of each programmable impedance 
25 termination, each switch able to make a series 
connection between a corresponding trace, an impedance 
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element of the programmable resistor termination, and 
ground. 



43. The method according to Claim 34, wherein 
5 said step at receiving comprises the step of: 

receiving said at least one command from a CPU 
Cell Data Link (CCDL) . 

44. The method according to claim 34, wherein 
10 said step of receiving includes the step of: 

receiving said at least one command in a point-to- 
point message format. 

45. The method according to claim 34, wherein 
15 said step of executing includes the step of: 

placing the programmable resistive terminations in 
one of termination state or no termination state on 
traces configured to connect to a point- to-multipoint 
bus . 

20 

46. A method for executing commands received by 
a line unit adapted to be connected to a backplane, 
comprising the steps of: 

said line unit receiving commands calling for said 
25 line unit to one of terminate or not terminate a 
subject trace on a backplane bus; 
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said line unit storing an indication of whether 
the most recent of said commands called for said line 
unit to terminate or to not terminate said subj ect 
trace; 

5 said line unit receiving queries calling for said 

line unit to indicate the state of its termination of 
said subject trace; and 

said line unit responding to said queries with the 
indication most recently stored in said step of storing 
10 an indication. 

47. A method according to claim 46 further 
comprising the step of said line unit terminating said 
subject trace in response to said line unit receiving 

15 a command calling for said line unit to terminate said 
subject trace. 

48. A method according to claim 46, further 
comprising the step of said line unit disconnecting a 

20 termination impedance from said subject trace in 
response to said line unit receiving a command calling 
for said line unit to not terminate said subject trace. 

49. A method according to claim 46, wherein said 
25 step of said line unit responding to said queries with 

the indiction most recently stored in said step of 
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storing an indication, comprises the steps of, in 
response to each given one of said queries: 

determining whether said line unit is currently 
terminating said subject trace; and 
5 responding to said given query with the 

determination made in said step of determining, 

50. A method according to claim 46, wherein said 
backplane includes a point-to-point bus and a point -to- 

10 multipoint bus, said point- to-multipoint bus including 
said subject trace, 

51. A method according to claim 50, wherein said 
point-to-point bus is terminated on said backplane and 

15 said subject trace is unterminated on said backplane. 
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ABS TRACT 



A line card provides terminating resistors for a 
bus or traces on a backplane. The line card 
5 terminations are activated (connected to ground) by a 
crossbar switch that is set according to programming 
(software/firmware/flash memory stored instructions) 
maintained on the line card to set the state of the 
resistive terminations. The programming maintained on 

10 the line card may be downloaded to the card into 
nonvolatile storage. The decision to utilize a 
specific line card to terminate or leave the bus 
unterminated is made by a control unit that sends 
command messages to the line card. A polling device 

15 interrogates each line card and sets the physically 
last card on the bus as a terminating card. The 
command messages are in ADSL Provisioning Message 
format and transmitted to each line card via a CPU Cell 
Data Link (CCDL) . 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application 

Inventor: Hamid R. Baradaran 

SC/Serial No.: Unknown 
Filed: Herewith 

Title: SOFTWARE CONTROLLABLE TERMINATION 

NETWORK FOR HIGH SPEED BACKPLANE BUS 



PATENT APPLICATION 



COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR UTILITY PATENT APPLICATION 

As a below named inventor, I hereby declare that my residence, post office address and 
citizenship are as stated below next to my name; I believe that 1 am the original, first and sole 
inventor (if one name is listed below), first and joint inventor (if plural names are listed below) 
of the subject matter which is claimed and for which a patent is sought on the invention 
entitled: 

SOFTWARE CONTROLLABLE TERMINATION NETWORK 
FOR HIGH SPEED BACKPLANE BUS 

the specification of which (check applicable ones): 

X is attached hereto; 

was filed with the above-identified "Filed" date and "SC/Serial No." 

was amended on (or amended through) . 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment(s) referred to above. I 
acknowledge the duty to disclose information which is material to the examination of the 
application in accordance with Title 37, Code of Federal Regulations, §1.56. 



Power of Attorney 

I (we) hereby appoint WARREN S. WOLFELD, Reg. No. 31 ,454; SLADE E. SMITH, Reg. 
No. 37,447; JOHN W. CARPENTER, Reg. No. 39,129; and other attorneys of FLIESLER, 
DUBB, MEYER & LOVEJOY LLP, located at Four Embarcadero Center, Fourth Floor, San 
Francisco, California 941 11, telephone (415) 362-3800; and WAYNE A. JONES, Reg. No. 
30,761; PAUL C. HASHIM, Reg. No. 31,618; TIMOTHY F. LOOMIS, Reg. No. 37,383; 
JOSEPH E. ROGERS, Reg. No. 33,031; V. LAWRENCE SEWELL, Reg. No. 22,753; and other 
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attorneys of ALCATEL U.S.A. Sourcing, L.P., located at 1000 Coit Road, Piano, TX 75075- 
5813, telephone (972) 519-3465, as my (our) attorneys, with full power of substitution and 
revocation, to prosecute this application and transact all business in the United States Patent 
and Trademark Office connected herewith. 

I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Please address all correspond ence to: 

Warren S. Wolfeld, Esq. 
FLIESLER, DUBB, MEYER & LOVEJOY LLP 
Four Embarcadero Center, Fourth Floor 
San Francisco, California 941 1 1 



Please direct all telephone calls to : 

John W. Carpenter, Esq. 
(415) 362-3800 



(1) Full name of sole 

or first inventor: Hamid R. Baradaran 



(1) Residence: 51 Aaron Drive 



Novate. CA 94949 



(1) Post Office Address: Same 



(1) Citizenship: Iran 



(1) Inventors signature: ^o^a^ ^. fft>o//ljteJ^^j?i^ — 
( 1 ) Date: //^ $*~<ff 
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*************************************************************** 
Titlfi 37. Code of Federal Regulations, §1-56 

SECTION 1.56. DUTY TO DISCLOSE INFORMATION 
MATERIAL TO PATENTABILITY 



(a) A patent by its very nature is affected with a public 
interest. The public interest is best served, and the most 
effective patent examination occurs when, at the time an 
application is being examined, the Office is aware of and 
evaluates the teachings of all information material to 
patentability. Each individual associated with the filing and 
prosecution of a patent application has a duty of candor and 
good faith in dealing with the Office, which includes a duty 
to disclose to the Office all information known to mat 
individual to be material to patentability as defined in this 
section. The duty to disclose information exists with respect 
to each pending claim until the claim is canceled or 
withdrawn from consideration, or the application becomes 
abandoned. Information material to the patentability of a 
claim that is canceled or withdrawn from consideration need 
not be submitted if the information is not material to the 
patentability of any claim remaining under consideration in 
the application. There is no duty to submit information 
which is not material to the patentability of any existing 
claim. The duty to disclose all information known to be 
material to patentability is deemed to be satisfied if all 
information known to be material to patentability of any 
claim issued in a patent was cited by the Office or submitted 
to the Office in the manner prescribed by §§1 .97(b)-(d) and 
1.98.* However, no patent will be granted on an 
application in connection with which fraud on the Office 
was practiced or attempted or the duty of disclosure was 
violated through bad faith or intentional misconduct. The 
Office encourages applicants to carefully examine: 

(1) prior art cited in search reports of a foreign patent 
office in a counterpart application, and 

(2) the closest information over which individuals 
associated with the filing or prosecution of a patent 
application believe any pending claim patentably 
defines, to make sure that any material information 
contained therein is disclosed to the Office. 

(b) Under this section, information is material to 
patentability when it is not cumulative to information 
already of record or being made of record in the 
application, and 



(1) It establishes, by itself or in combination with 
other information, a prima facie case of unpatentability 
of a claim; or 

(2) It refutes, or is inconsistent with, a position the 
applicant takes in: 

(i) Opposing an argument of unpatentability 
relied on by the Office; or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the 
information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden- 
of-proof standard, giving each term in the claim its broadest 
reasonable construction consistent with the specification, 
and before any consideration is given to evidence which 
may be submitted in an attempt to establish a contrary 
conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of 
a patent application within the meaning of this section are: 

(1) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes 
the application; and 

(3) Every other person who is substantively involved 
in the preparation or prosecution of the application and 
who is associated with the inventor, with the assignee 
or with anyone to whom there is an obligation to assign 
the application. 

(d) Individuals other than the attorney, agent or inventor 
may comply with this section by disclosing information to 
the attorney, agent, or inventor. 



* §§1.97(b>(d) and 1.98 relate to the timing and manner in 
which information is to be submitted to the Office. 



******* ******************************************************* 
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